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Observat ions suggest t h a t  c l ima te  changes have occurred on Mars w i t h  
severa l  d i f f e r e n t  c h a r a c t e r i s t i c  t ime scales (Carr ,  1981 and 1982). Networks 
o f  channels i n  t h e  southern highlands o f  t he  p lane t  appear t o  be d e n d r i t i c  
water drainage systems 3-4 b i l l i o n  years o ld ;  s i g n i f i c a n t  changes i n  Mars' 
atmosphere are  the re fo re  i nd i ca ted  on t h i s  t ime scale.  
ou t f l ow  channels and volcanism appear t o  have cont inued from 3 gy t o  l e s s  than 
1 gy; t h e  te rmina t ions  o f  t h e  product ion of v o l a t i l e s  by volcanism and o f  
channel fo rmat ion  roughly co inc ide  w i t h  t h e  est imated age o f  layered, p i t t e d  
p l a i n s  i n  t h e  south. More l o c a l i z e d  sedimentary l a y e r s  i n  the  po la r  reg ions 
which a r e  t o o  young t o  be dated by c ra te r  counts imp ly  t h e  ex is tence o f  some 
s o r t  o f  c y c l i c  c l ima te  process which i s  s t i l l  a c t i v e  and which has a t ime  
sca le  o f  hundreds o f  thousands o r  m i l l i o n s  o r  years.  
elements o f  t h e  p lanet  due t o  astronomical pe r tu rba t i ons  probably d r i v e  these 
cyc les  o f  depos i t i on  and eros ion;  these in te rmed ia te  sca le  changes t h e r e f o r e  
may be mechanical ly l i n k e d  w i t h  t e r r e s t r i a l  changes such as i c e  ages, f o r  
which s i m i l a r  mechanisms have been proposed. F i n a l l y ,  some t e r r e s t r i a l  
observat ions o f  t h e  p o l a r  caps have been i n t e r p r e t e d  i n  terms o f  c l i m a t e  
change w i t h  a per iod  o f  decades. Comparisons o f  Mar iner  9 and V ik ing  views o f  
Mars' south p o l a r  cap a l so  reveal  t h a t  some s i g n i f i c a n t  changes have occurred 
on t h a t  t ime scale. 
Episodic  fo rmat ion  o f  
Changes i n  t h e  o r b i t a l  
Cl imate changes w i t h  these var ious t ime scales are  r e l a t e d  by t h e  f a c t  
t h a t  they a l l  depend upon t h e  d i s t r i b u t i o n  o f  H20 and C02 v o l a t i l e s  on t h e  
p lane t  and, conversely, a f f e c t  t he  evo lu t i on  i n  t ime  o f  these d i s t r i b u t i o n s .  
For example, l a r g e  l i t h o s p h e r i c  reservo i rs  o f  C02 and H20 which are  i n  contac t  
w i t h  t h e  atmosphere may dominate c l imate  changes on t h e  in te rmed ia te  scale;  
these r e s e r v o i r s  p rov ide  l i n k s  t o  t h e  anc ient  mar t ian  c l imate,  t o  t h e  
a v a i l a b i l i t y  of l i q u i d  H20 necessary f o r  carbonate format ion,  and t o  t h e  
amount o f  outgassing which has occurred. 
c u r r e n t  CO2 c y c l e  i s  a good candidate f o r  sho r t  term f l u c t u a t i o n s  (James and 
Lumme, 1982); and these same g loba l  duststorms are  t h e  most l i k e l y  agents f o r  
t h e  sedimentat ion on t h e  p o l a r  regions on t h e  in te rmed ia te  t ime scale (Po l lack  
e t a l  ., 1979) . Achieving an understanding o f  t h e  cyc les  o f  t h e  major v o l a t i l e s  
and o f  dus t  i s  t he re fo re  almost synonymous w i t h  s o l v i n g  t h e  mar t ian  c l i m a t e  
problem . 
The e f f e c t  o f  duststorms on t h e  
The a v a i l a b l e  spacecraf t  data p e r t a i n  t o  on ly  t h e  few mar t ian  seasons 
observed by Mariner and V ik ing  spacecraf t .  Because any h i s t o r i c a l  s tudy must 
be anchored on t h e  cu r ren t  mar t ian  c l imate,  thorough analyses o f  these data 
and accurate modeling o f  t h e  c u r r e n t  c l imate  are  c e r t a i n l y  p r e r e q u i s i t e  t o  a 
study of t h e  broader quest ions ou t l i ned  above. 
re levan t  t o  these quest ions are: 
The p r i n c i p a l  data se ts  
1. V ik ing  Lander measurements o f  sur face pressure, which were obta ined 
piecewise cont inuously  f o r  t h r e e  mart ian years (Leovy e t a l  ., 1985); 
2 .  Vik ing  o r b i t e r  and Mar iner  9 photographs re levan t  t o  seasonal changes 
i n  t h e  p o l a r  regions (James e t a l  ., 1979); 
3 .  Vik ing  MAWD observat ions o f  water vapor as a f u n c t i o n  o f  t ime and 
p o s i t i o n  on t h e  p lanet  (Jakosky and Farmer, 1982); 
4. Mariner 9 I R I S  and V ik ing  I R T M  observat ions o f  t h e  thermal s t r u c t u r e s  
o f  t h e  sur face and atmosphere ( K i e f f e r  e ta l . ,  1979; Chr istensen and Zurek, 
1984). 
I n  add i t ion ,  t he re  i s  an extensive se t  o f  t e lescop ic  observat ions o f  
Mars; s ince  1969 these data have been acqui red and mainta ined by t h e  
International Planetary Patrol . Photographic information on the behavior o f  
the po la r  caps i s  relevant t o  short term climate fluctuations (James and 
Lumme, 1982). 
truth" observations of Mariner 9 and Vi k i n g  orbiters . 
The interpretation of this record i s  assisted by the "ground 
SCIENTIFIC OBJECTIVES 
Models used t o  study the changes i n  martian climate must of necessity 
adequately describe the current volatile cycles. 
on mathematical modeling of current volatile cycles and modest extrapolation 
t o  past regimes. 
The focus of th i s  project i s  
Specifically, the objectives are: 
1. To adequately model the current seasonal volati le cycles on Mars. A 
particular goal of th i s  work is  t o  understand the interdependence of these 
cycles and the implications of existing observations for the distribution of 
gas, solid,  and adsorbed phases of t h e  volatiles. 
identify the physical processes which are currently most important i n  the 
martian climate, e.g. buffering by regolith, C02 emissivity, advection, 
effects of dust on radiative properties of the atmosphere, insolation 
dependent albedo, etc. 
The modeling should 
2. To apply the model t o  longer term variations, i n  particular t o  the 
intermediate range cycles caused by redistribution of i n so la t ion .  
3 .  To analyze recently acquired telescopic images of Mars i n  order t o  
define a regression curve for Mars' south polar cap i n  1986 and t o  discover 
the 1986 dust cycle i n  southern spring. 
Work Accomplished under NAGW - 742 
1. Water cyc le  
Numerous pieces o f  evidence, most no t i ceab ly  t h e  asymmetry i n  water 
vapor abundances between t h e  nor thern  and southern hemispheres o f  Mars 
observed by MAWD, suggest t h a t  t h e  southernn hemisphere i s  desiccated r e l a t i v e  
t o  the  nor thern  hemisphere o f  t he  planet. The f a c t  t h a t  t h e  annual ly  averaged 
g rad ien t  o f  water vapor concent ra t ion  i s  d i r e c t e d  from south t o  n o r t h  can be 
i n t e r p r e t e d  as imp ly ing  a ne t  no r th  t o  south t r a n s f e r  o f  water over t h e  annual 
cyc le .  
mechanism t o  main ta in  the  gradient .  
Th is  would c e r t a i n l y  be t h e  case unless the re  e x i s t e d  a pumping 
Such a pumping mechanism i s  provided by t h e  dominant seasonal CO2 
cyc le ,  which produces seasonal ly vary ing mer id iana l  winds which can 
p r e f e r e n t i a l l y  t ranspor t  water vapor f rom south t o  nor th .  A numerical 
s imu la t i on  of t h i s  process, l a r g e l y  funded by t h i s  g r a n t ' s  predecessor 
NAGW-586, c l e a r l y  i n d i c a t e d  t h a t  the  mechanism cou ld  indeed b r i n g  about the  
observed d i s t r i b u t i o n  o f  water on t h e  planet.  
The model has been used t o  study changes i n  t h e  g loba l  water 
d i s t r i b u t i o n  which may occur as the  o r b i t a l  elements o f  Mars change under t h e  
i n f l uence  o f  g r a v i t a t i a n a l  per tu rba t ions  from o the r  p lanets .  The major 
conc lus ion of t h i s  work has been t h a t  the l ong i tude  o f  pe r ihe l i on ,  which 
a f fec ts  t h e  phasing between s o l a r  heat ing and C02 sub l imat ion  winds, i s  t h e  
major c o n t r o l l e r  of water d i s t r i b u t i o n  r a t h e r  than i n c l i n a t i o n ,  which has 
major e f f e c t s  on t h e  seasonal p o l a r  caps. 
presented a t  t h e  MECA Symposium h e l d  i n  Washington, D.C. i n  Ju ly ,  1986. 
A paper on t h i s  sub jec t  was 
The d i r e c t i o n  o f  water t rans fe r  was a l so  the  ob jec t  o f  an 
observa t iona l  study based upon V ik ing  images o f  t h e  res idua l  n o r t h  p o l a r  cap 
o f  Mars taken two years apart .  
i n t e r v e n i n g  pe r iod  o f  t ime i n  t h e  sense t h a t  reg ions which were i c e  covered i n  
1976 were i c e  f r e e  i n  1978. 
south, cap which can a c t  as a c o l d  t rap  on a t  l e a s t  a sho r t  term basis,  b u t  i t  
cou ld  a l s o  represent an exchange w i t h  o ther  p o r t i o n s  o f  t h e  no r th  p o l a r  cap. 
The quest ion o f  t r a n s f e r  t o  t h e  south p o l a r  cap, which i s  composed 
Changes occurred i n  t h e  cap du r ing  t h e  
This  could suggest a t r a n s f e r  t o  t h e  res idua l  
a t  l e a s t  p a r t i a l l y  o f  CO2 i ce ,  i s  o f  great  i n t e r e s t  because o f  t h e  poss ib le  
e f f e c t s  which water i c e  cou ld  have upon i t s  s t a b i l i t y .  
cap i s  s t a b l e  because o f  i t s  h igh  albedo which may be maintained, desp i te  dust  
storms, by some s o r t  o f  s e l f  c lean ing  mechanism ( K i e f f e r  and Page, 1986 MECA 
Symposium). 
t r a n s f e r  o f  water t o  t h e  res idua l  south p o l a r  cap cou ld  l i m i t  i t s  s t a b i l i t y .  
These issues were discussed a t  t h e  1985 meeting o f  t h e  D i v i s i o n  o f  P lanetary  
Sciences of t h e  AAS i n  Bal t imore.  
The CO2 i n  t h e  south 
Water i c e  would be l e s s  suscept ib le  t o  such a mechanism, and 
2. Dust Storms 
A se r ies  o f  storms which were a t  l e a s t  p a r t i a l l y  dus t  storms 
occurred i n  1978 near t h e  westernmost p o r t i o n s  of t h e  Va l l es  Mar ine r i s  canyon 
system between Noc t i s  Labyr in thus and Echus Chasma. These storms were 
observed severa l  t imes by V ik ing  cameras, and t h e  reg ion  (w i thou t  storms) was 
photographed severa l  a d d i t i o n a l  times. Therefore, l i m i t e d  s t a t i s t i c s  on 
seasonal and in te rannua l  v a r i a b i l i t y  i n  t h e i r  occurrence can be deduced. I n  
add i t i on ,  t he re  are  var ious  topographical  and geo log ica l  c lues  t o  t h e  
mechanisms which cou ld  produce these dust clouds. 
i s  t he  s lope induced wind which r e s u l t s  from t h e  l a r g e  SW -* NE s lope i n  t h e  
The most l i k e l y  candidate 
region; they  are  thus  r e l a t e d  t o  t h e  ''bore wave" c louds seen t o  t h e  west 
du r ing  t h e  same general season. 
t o  I ca rus  on t h i s  new type of meteoro log ica l  phenomenon. 
A manuscript i s  be ing prepared f o r  submission 
3 . 
The seasonal v a r i a t i o n s  i n  the  mar t ian  p o l a r  caps are  t h e  bes t  
markers f o r  t h e  seasonal c l i m a t e  cyc le  on Mars i n  t h e  absence o f  i n  s i t u  
meteorology s ta t i ons .  This  i s  because o f  t h e  s e n s i t i v i t y  o f  t h e  C02 c y c l e  t o  
i n s o l a t i o n  and t o  o ther  processes which c o n t r i b u t e  t o  t h e  l o c a l  energy 
balance. The h i s t o r i c a l  record o f  t e r r e s t r i a l  observat ions prov ides t h e  best  
evidence a v a i l a b l e  a t  t h i s  t ime f o r  the amount o f  v a r i a b i l i t y  i n  t h e  mar t ian  
c l i m a t e  system. 
when Mars i s  r e l a t i v e l y  c lose  t o  Ear th and t h e  southern hemisphere i s  t i l t e d  
towards us, t h i s  season (southern spr ing)  i s  most completely documented and 
t h e  data have maximum reso lu t i on .  Therefore, these are  t h e  pr ime data se ts  
f o r  use i n  searching f o r  in te rannua l  va r ia t i ons .  
Polar  v a r i  ab i  1 i t y  
Because data on t h e  south p o l a r  cap sub l imat ion  are  acqui red 
The h igh  q u a l i t y  1971 and 1973 te lescop ic  da ta  had been p rev ious l y  
One o f  t h e  p r o j e c t s  analyzed and compared t o  V ik ing  observat ions from 1977. 
undertaken under NAGW-742 was a reana lys is  o f  Lowel l  Observatory data from 
1956 i n  o rder  t o  reduce them t o  a form amenable f o r  comparison w i t h  t h e  l a t e r  
years. 
in te rannua l  v a r i a b i l i t y  i n  t h e  p o l a r  cap recession; they have been accepted 
f o r  p u b l i c a t i o n  i n  Icarus.  
The r e s u l t s  o f  t h i s  study prov ide t h e  most conc lus ive  evidence f o r  
4. North p o l a r  c louds 
Telescopic p i c t u r e s  o f  Mars du r ing  t h e  sp r ing  season i n  t h e  mar t i an  
nor thern  hemisphere have been used t o  study t h e  behavior o f  c louds and sur face  
cap du r ing  t h e  recess ion phase o f  the  n o r t h  p o l a r  deposi ts .  Images acqui red 
us ing  r e d  and v i o l e t  f i l t e r s  were compared i n  order  t o  separate atmospheric 
and sur face  condensate deposi ts .  The red  f i l t e r  p i c tu res ,  which show t h e  
surface cap, p rov ide  a regress ion curve which i s  e s s e n t i a l l y  i d e n t i c a l  t o  
curves observed p rev ious l y  f rom Ear th and by spacecraf t ;  t h e r e  i s  a s t a n d s t i l l  
o r  "p la teau"  i n  t h e  n o r t h  cap's regression du r ing  ear ly -mid  spr ing.  
v i o l e t  p i c t u r e s  d i sp lay  a l a t e  w i n t e r l e a r l y  sp r ing  hood --as expected. But 
they  a l s o  show t h a t  i n  mid-spring, when the  cap recess ion recommences, c louds 
appear along t h e  per iphery o f  t h e  nor th  cap. These data suggest t h a t  t h e  
c louds a re  formed from water which i s  released f rom t h e  sur face cap r a t h e r  
than  from water released from t h e  bare s o i l  which i s  exposed. The r e s u l t s  a re  
c u r r e n t l y  i n  press a t  Icarus.  
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